Objectives c-Myc is commonly activated in many human tumors and is functionally important in cellular proliferation, diVerentiation, apoptosis and cell cycle progression. The activity of c-Myc requires noncovalent interaction with its client protein Max. In vitro studies indicate the thioxothiazolidinone, 10058-F4, inhibits c-Myc/Max dimerization. In this study, we report the eYcacy, pharmacokinetics and metabolism of this novel protein-protein disruptor in mice. Methods SCID mice bearing DU145 or PC-3 human prostate cancer xenografts were treated with either 20 or 30 mg/kg 10058-F4 on a qdx5 schedule for 2 weeks for eYcacy studies. For pharmacokinetics and metabolism studies, mice bearing PC-3 or DU145 xenografts were treated with 20 mg/kg of 10058-F4 i.v. Plasma and tissues were collected 5-1440 min after dosing. The concentration of 10058-F4 in plasma and tissues was determined by HPLC, and metabolites were characterized by LC-MS/MS. Results Following a single iv dose, peak plasma 10058-F4 concentrations of approximately 300 M were seen at 5 min and declined to below the detection limit at 360 min. Plasma concentration versus time data were best approximated by a two-compartment, open, linear model. The highest tissue concentrations of 10058-F4 were found in fat, lung, liver, and kidney. Peak tumor concentrations of 10058-F4 were at least tenfold lower than peak plasma concentrations. Eight metabolites of 10058-F4 were identiWed in plasma, liver, and kidney. The terminal half-life of 10058-F4 was approximately 1 h, and the volume of distribution was >200 ml/kg. No signiWcant inhibition of tumor growth was seen after i.v. treatment of mice with either 20 or 30 mg/kg 10058-F4. Conclusion The lack of signiWcant antitumor activity of 10058-F4 in tumor-bearing mice may have resulted from its rapid metabolism and low concentration in tumors.
Introduction
The c-Myc protein is a transcription factor, which is encoded by the c-Myc gene on human chromosome 8q24, plays important roles in cell proliferation, growth, cell cycle progression, genomic stability, diVerentiation, and apoptosis [1] . c-Myc/Max protein complexes bind to DNA to activate transcription and induce cell transformation.
Abnormalities of c-Myc oncoprotein expression are observed with high frequency in lymphoid malignancies, especially Burkitt's lymphoma and leukemia, and in breast, colon, and prostate cancers [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . c-Myc is ampliWed in approximately 40% of prostate cancers, and this ampliWcation is associated with progression [9, 10] . In androgenindependent prostate cancer, c-Myc is deregulated in approximately 70% of evaluated cases, and c-Myc ampliWcation is observed after androgen ablation therapy [13] .
Androgen-independent prostate cancers do not respond to androgen ablation therapies and are poorly responsive to standard chemotherapies. There is a need to develop novel therapeutic strategies for their treatment. Because the c-Myc oncoprotein is overexpressed in prostate cancer, c-Myc is an attractive target for novel anti-tumor therapies. Several groups have used oligonucleotides to interfere with c-Myc gene expression [14] , and antisense oligonucleotides to inhibit its translation in experimental models [12] . However, translating these approaches into practical clinical therapies has not yet been successful. Small molecule disruptors of the c-Myc/Max heterodimer complex have previously been identiWed in vitro and represent attractive alternatives to nucleic acid-based methods [1, 15] .
The thioxothiazolidinone, 10058-F4, is among the Wrst compounds found to disrupt the association between c-Myc and Max [1] . Gomez-Curet et al. reported that 10058-F4 not only blocked c-Myc function through the mechanism of c-Myc/Max heterodimer dissociation, but also decreased c-Myc mRNA levels in lymphoma cells [7] . Huang et al. [8] showed that 10058-F4 arrested AML cells at the G0/G1 interface, downregulated c-Myc expression, and upregulated the CDK inhibitors, p21 and p27. In addition, 10058-F4 induced apoptosis through activation of a mitochondrial pathway, as shown by downregulation of Bcl-2, upregulation of Bax, release of cytoplasmic cytochrome C, and cleavage of caspase 3, 7, and 9. 10058-F4 also induced myeloid diVerentiation, possibly through activation of multiple transcription factors. Similarly, 10058-F4 induced apoptosis and diVerentiation was also observed in primary AML cell cultures. Lin et al. [9] demonstrated that 10058-F4 arrested hepatocellular carcinoma cells at G0/G1 phase of the cycle and signiWcantly decreased alpha-fetoprotein levels, an indicator of diVerentiation. Most recently, Sampson et al. [9] demonstrated that, in addition to promoting c-Myc/Max dissociation, 10058-F4 also inhibited c-Myc protein expression. Together these eVects resulted in the down-regulation of c-Myc target gene expression in Namalwa Burkitt lymphoma cells. Because of these interesting in vitro results, we investigated the preclinical pharmacology of 10058-F4 in SCID mice bearing androgenindependent, human prostate cancer xenografts.
Materials and methods

Reagents
Acetonitrile (HPLC-grade) and water (HPLC-grade) were purchased from Fisher ScientiWc (Fairlawn, NJ, USA). Nitrogen gas and liquid nitrogen were purchased from Valley National Gases Inc. (Pittsburgh, PA, USA). Ammonium acetate and Cremophor EL were purchased from SigmaAldrich (St Louis, MO, USA). 10058-F4 ([Z, E]-5-[4-ethylbenzylidine]-2-thioxothiazolidin-4-one, 5404711) was obtained from Chembridge Corporation (San Diego, CA, USA). Fenretinide (4-HPR) was obtained from CTEP, NCI (Rockville, MD, USA). Dextrose (5%) for injection, saline (0.154 M NaCl) and sterile water were purchased from Baxter Healthcare Corporation (DeerWeld, IL, USA). Ethanol (200 Proof) was purchased from Pharmaco Products (BrookWeld, CT, USA). Docetaxel (Taxotere ® SanoW Aventis, injection concentrate) was purchased from the University of Pittsburgh Cancer Institute Pharmacy. Nitrogen gas for the mass spectrometer was generated with a 75-880 generation system (Parker Balston, Columbus, OH, USA).
Dosing solutions
Dosing solutions were prepared by dissolving 10058-F4 in cremophor EL:ethanol:saline (1:1:8 v/v/v) at a Wnal concentration of 2 or 3 mg/ml. Docetaxel was diluted to 1 mg/ml with saline.
Mice
SpeciWc-pathogen-free, female SCID mice (5-6 weeks of age) were obtained from the Animal Program administered by the Biological Testing Branch of the National Cancer Institute (Frederick, MD, USA). Mice were allowed to acclimate to the University of Pittsburgh Animal Facility for at least 1 week before studies were initiated. To minimize exogenous infection, mice were maintained in microisolator cages and handled in accordance with the Guide for the Care and Use of Laboratory Animals (National Research Council, 1996) . Ventilation and airXow in the animal facility were set to 12 changes/h. Room temperature was regulated at 72 § 2°F, and the rooms were kept on automatic 12-h light/dark cycles. The mice received Prolab ISOPRO RMH 3000, Irradiated Lab Diet (PMI Nutrition International, Brentwood, MO, USA) and water ad libitium except on the evening prior to dosing for the pharmacokinetic studies, when all food and water was removed and withheld until 4 h after dosing. Sentinel animals (CD-1 mice in cages with bedding 20% of which was bedding removed from the study animal cages at cage change) were maintained in the room housing the study animals and assayed at monthly intervals for speciWc murine pathogens by murine antibody proWle testing (Charles River, Boston, MA, USA). Sentinel animals remained free of speciWc pathogens throughout the study period, implying that the study animals were free of speciWc pathogens.
Tumor cell lines DU145 and PC-3 human androgen-independent prostate cancer cells were obtained from ATCC (Manassas, VA, USA) and expanded in RPMI 1640 medium (Gibco ® , Invitrogen, Carlsbad, CA, USA), containing 10% heat-inactivated fetal bovine serum (BioXuids TM , Biosource, Rockville, MD, USA) and 10 g/ml gentamycin (Gibco ® , Invitrogen, Carlsbad, CA, USA) in an incubator with 95% air, 5% CO 2 , 95% humidity at 37°C.
MTT assay PC-3 cells (2 £ 10 4 cells in logarithmic growth) were plated into 96-well culture plates and allowed to adhere to the plates for 24 h prior to the addition of 10058-F4 in medium containing 1% ethanol such that the Wnal concentrations in the wells were 0.1-100 M in medium containing 0.3% ethanol. After 72 h, 50 l of 1 mg/ml MTT was added to each well. The cells were washed with medium and phosphate buVered saline, and 150 l of DMSO was added to each well, followed by shaking for 5 min. The absorbance at 570 nm was read on DYNEX MRX Revelation microplate reader (Dynex, Vienna, VA, USA). Results were compared to wells containing cells treated with vehicle alone and were expressed as % inhibition. The IC 50 was calculated using the Hill equation, the program ADAPT II [16] , and data from three separate experiments.
Tumor implantation PC-3 or DU145 cells (5 £ 10 6 cells in logarithmic growth) were injected subcutaneously into the right Xank of passage SCID mice before implantation into study animals. When the tumors reached approximately 500 mm 3 , passage mice were euthanized with CO 2, and the tumors harvested aseptically. The harvested tumors were cut into approximately 25-mm 3 fragments and implanted subcutaneously on the right Xanks of study mice. When the tumors in the study mice were approximately 300 mm 3 , the animals were stratiWed into treatment groups of 5 animals each for the study in mice bearing PC-3 xenografts and 8 mice per treatment group in the study in mice bearing DU145 xenografts, such that at the start of each study there were no diVerences in mean body weights or tumor volumes between the various treatment groups.
EYcacy studies C B-17 SCID mice bearing PC-3 human prostate tumor xenografts were stratiWed into the following groups: Control, vehicle control, positive control (docetaxel, 10 mg/kg), and 10058-F4 treatment (20 or 30 mg/kg/dose). Previous studies by us indicated that 30 mg/kg was the maximally tolerated dose of 10058-F4 on this schedule (data not shown). Mice were treated i.v. daily for 5 days for 2 weeks, and body weights and tumor volumes were recorded twice weekly. In the second study, C B-17 SCID mice bearing DU145 human androgen-independent prostate cancer xenografts were stratiWed to similar treatment groups. Docetaxel served as the positive control for both eYcacy studies and was administered i.v. every 7 days for two doses of 10 mg/ kg. Tumors were measured with calipers, and tumor volumes were calculated using the formula:
where L is the largest diameter of the tumor and W is the smallest diameter perpendicular to L. Mice were followed for at least 1 week following the completion of the dosing so that tumor regrowth could be monitored.
Pharmacokinetic studies C B-17 SCID mice bearing PC-3 or DU145 xenografts (3 per time point) were fasted overnight and treated with 10058-F4 at a dose of 20 mg/kg i.v. Mice were euthanized at the following times after dosing: 5, 10, 15, 30, 45, 60, 120, 240, 360, 420 and 1,440 min after 10058-F4 or 5 min after vehicle administration. Control mice and 10058-F4-treated mice bearing DU145 xenografts in the 1,440 min time point group were housed in metabolism cages, and separate urine and feces collections were obtained at 0-7 and 7-24 h. Mice were euthanized by CO 2 inhalation, and blood was collected by cardiac puncture using heparinized syringes and needles. The following tissues were collected, weighed and snap frozen in liquid nitrogen:liver, kidney, lung, spleen, heart, brain, skeletal muscle, and fat from mice bearing DU 145 xenografts, while only liver, kidney, lung, and tumor were collected from mice bearing PC-3 xenografts. Blood was centrifuged at 12,000£g for 4 min to obtain plasma and red blood cells. All samples, including excreta, were stored at ¡70°C until analysis.
Plasma, urine, and tissue sample preparation Plasma and urine samples were extracted directly. Tissue samples were homogenized in Wve volumes of phosphatebuVered saline (pH 7.4). To a 200 l sample of plasma, urine, red blood cells, or tissue homogenate, 5 l of 10 g/ml 4-HPR was added as an internal standard. Proteins were precipitated with 1 ml acetonitrile followed by mixing for 15 s on a Vortex Genie 2 (model G560, ScientiWc Industries, Bohemia, NY, USA) set at 4. Samples were subsequently centrifuged at 13,000£g for 10 min, and the supernatants were transferred to 12 £ 75 mm glass tubes and evaporated to dryness under a stream of nitrogen. Each dried residue was resuspended in 300 l of 10% acetonitrile, and 100 l of each resuspended sample was injected onto the HPLC.
HPLC analysis
HPLC was performed on a Waters 2695 separation system (Waters Corp., Milford, MA, USA) Wtted with a 4.6 £ 100 mm, 5 m Luna C18 (2) column (Phenomenex, Torrance, CA, USA) and Brownlee C18 guard column (PerkinElmer, Shelton, CT, USA) that were perfused with a gradient mobile phase that consisted of a linear gradient from acetonitrile:10 mM ammonium acetate (10:90, v/v) to 100% acetonitrile over 15 min followed by a 5-min isocratic period. The mobile phase was pumped at Xow rate of 1 ml/min. Column eluate absorbance at 382 nm was monitored with a Waters 2487 Dual absorbance detector. Under these conditions, the retention times of 10058-F4 and the internal standard were approximately 11.3 and 16.8 min, respectively. Standard curves of 10058-F4 at concentrations of 0.03-10 g/ml in plasma, or control tissue homogenates were prepared in triplicate. The 10058-F4-to-internal standard ratio was calculated for each standard by dividing the area of each analyte peak by the area of the respective internal standard peak for that sample. Standard curves of 10058-F4 were constructed by plotting the 10058-F4-to-internal standard ratio versus the known concentration of 10058-F4 in each sample. Standard curves were Wtted by linear regression followed by back calculation of concentrations. Concentrations in unknown samples were calculated by comparison with the appropriate standard curve of area ratios of 10058-F4 to internal standard. The lower limit of quantiWcation of 10058-F4 was 0.01 g/ml. CoeYcients of variation in plasma at a low mid-range concentration (0.1 g/ml) and high mid-range concentration (3 g/ml) was 2.56 and 4.11%, respectively. Recoveries of 10058-F4 from plasma containing 3 and 30 g/ml were 82.68 § 1.09 and 93.38 § 0.79%, respectively.
Pharmacokinetic analysis
The plasma concentration versus time data of 10058-F4 were analyzed using the program ADAPT II [16] with maximum likelihood estimation. Compartmental models were Wt to the data from i.v. pharmacokinetic studies, and model discrimination was based on Akaike's Information Criterion [17] . Parameter values for the volume of the central compartment (V c ), the elimination rate constant k e and transfer constants, such as k pc and k cp , were estimated. The areas under the concentration (AUC) versus time curves for plasma and tissues were estimated by noncompartmental analysis using the program LAGRAN and the Lagrange function [18] .
Metabolite analysis by LC-MS/MS
Mice were euthanized by CO 2 inhalation 30 min after treatment with 20 mg/kg of 10058-F4 i.v. Plasma, liver and kidneys were collected and processed as described for pharmacokinetic studies and then analyzed by LC-MS/MS as described below.
LC-MS/MS
The HPLC system consisted of an Agilent (Palo Alto, CA, USA) 1100 autosampler and binary pump, a Phenomenex (Torrance, CA, USA) Luna C18 (2) (5 m, 2 £ 150 mm) column kept at ambient temperature, and a gradient mobile phase. The gradient mobile phase consisted of solvent A: 0.1% (v/v) formic acid in acetonitrile, and B: 0.1% (v/v) formic acid in water. The initial mobile phase of 10% solvent A and 90% solvent B was increased linearly for 30 min to 100% A, at a Xow rate of 0.2 ml/min. These conditions were maintained for 5 min. The gradient was returned to initial conditions at 36 min. The run time was 45 min. Mass spectrometry was performed with a Micromass (Milford, MA, USA) Quattromicro triple-stage, bench-top mass spectrometer operated in single quadrupole mode. The mass spectrometer was operated using both electrospray positive and negative ionization with the following conditions: capillary voltage of 3.0 kV, cone voltage of 20 V, source temperature of 120°C, desolvation temperature of 450°C, and cone and desolvation gas Xow of 110 and 550 L/h, respectively. The eluate was monitored from 200 to 600 m/z. The data was collected by Masslynx version 4.0 (Micromass, Milford, MA, USA).
Pharmacodynamic study c-Myc and Max expression in DU145 or PC-3 tumor samples were examined by western blot. Mice bearing either DU145 or PC-3 xenografts were treated with 20 mg/kg 10058-F4 i.v. and tumor samples were collected at 2, 4, 6, or 24 h after i.v. dosing. Protein extracts were prepared by homogenizing thawed tissues in ten volumes of lysis buVer [50 mM Tris-HCl (pH 7.9), 2 mM EDTA, 100 mM NaCl, 1% NP-40, 10 mM NaF, 10 mM sodium vanadate] containing freshly prepared protein inhibitors [1 g/ml pepstatin, 10 g/ml aprotin, 5 g/ml leupeptin, 5 mM PMSF, 0.1 M microcystin and 5 mM Na pyrophosphate (BD Biosciences Pharmingen, San Diego, CA, USA)] using an Omni Tissuemizer (Omni International, Westbury, CT, USA). Each tissue lysate was centrifuged at 12,000£g for 10 min. The resulting supernatants were collected and protein concentration was measured with the Bio-Rad protein assay system (Bio-Rad, Hercules, CA, USA). Concentrations of bovine albumin between 0.05 and 0.5 mg/ml were used to obtain a calibration curve. Equal amounts of protein (40 g) were denatured in Laemmli sample buVer containing 0.4 M Tris-HCl (pH 6.8), 8% SDS, 39% glycerol, 0.04% bromophenyl blue and 0.4 M dithiotreitol (Bio-Rad) and loaded on 4-15% gradient gels (Bio-Rad). The separated proteins were transferred onto PVDF membranes and blotted with 5% non-fat milk in Tris-BuVered Saline for 1 h. The membranes were then incubated with antibodies against c-Myc (9E10) or Max (C-124) (Santa Cruz Biotechnology, Inc. Santa Cruz, CA, USA) overnight at 4°C. Glyceraldahyde-3-phosphate dehydrogenase (GAPDH) (MAB374, Chemicon International, Temecula, CA, USA) expression was used as a loading control. The immunoreactive signals were detected by ELC detection reagents (PerkinElmer Life Sciences, Boston, MA, USA) following the manufacturer's instructions. The densities of the signal were quantiWed by densitometry with UN-SCAN-IT (Silk ScientiWc, Orem, UT, USA).
Statistics
The mean data were analyzed using ANOVA with pairwise comparisons made using Dunnett's test. Nonparametric analysis of median data was performed using KruskallWallace and pairwise comparisons were conducted with the Mann-Whitney test. SigniWcance was set at P · 0.05. The statistical package used was Minitab (State College, PA, USA).
Results
In vitro cytotoxicity
The IC 50 values of 10058-F4 against cultured PC-3 and DU145 cells determined at 72 h after a single addition of the drug were estimated using the Hill equation to be 113 § 30 and 88 § 20 M, respectively.
EYcacy
Treatment of SCID mice bearing DU145 or PC-3 xenografts with either the maximally tolerated dose of 30 or 20 mg/kg 10058-F4 on a qdx5 schedule for 2 weeks did not inhibit tumor growth signiWcantly (Fig. 1) . The maximum mean %TC values (% treated tumor/control tumor volume) on day 18 for the mice bearing PC-3 xenografts treated with 20 or 30 mg/kg 10058-F4 were 72.3 and 72.9%, respectively. In contrast, intravenous treatment with 10 mg/kg docetaxel on a q7dx2 schedule resulted in signiWcant tumor growth inhibition and a maximum mean %T/C of 20.2% on day 18. Similar lack of response to treatment with 10058-F4 was observed in mice bearing DU145 xenografts. The mean maximum %T/C following treatment with 30 mg/kg 10058-F4 was only 85% when compared to the vehicle-treated mice and only 67% when compared with the untreated control mice. In contrast, docetaxel treatment of mice bearing DU145 xenografts resulted in tumor regression and a %T/C of 2%. Although mice bearing PC-3 androgen-independent xenografts lost up to 18% body weight during the course of the study, this weight loss was consistent across all groups and appeared to be related to the tumor xenograft. No signiWcant decreases in body weight were observed in the mice bearing DU145 xenografts during the course of treatment.
Plasma pharmacokinetics of 10058-F4
The 10058-F4 plasma concentrations versus time data are presented in Fig. 2 . Peak plasma concentrations of 10058-F4 occurred at 5 min in mice bearing DU145 xenografts or PC-3 xenografts and were 368.5 and 272.7 M, respectively. Plasma concentrations of 10058-F4 decreased rapidly and were undetectable beyond 360 min after 10058-F4 administration. A two-compartment model best Wt the plasma 10058-F4 concentrations versus time data, and the pharmacokinetic parameters associated with that model are presented in Table 1 . The terminal half-life of 10058-F4 was approximately 1 h, and the volume of distribution was small, approximately 200 ml/kg. Clearance was rapid, >600 ml/h/kg. 10058-F4 in liver, kidney, lung, spleen, heart and skeletal muscle occurred at 5 min after administration, which was the earliest time point sampled. In mice bearing DU145 tumors, peak concentration of 10058-F4 in fat and brain occurred slightly later, at 15 and 10 min, respectively. The peak concentration of 10058-F4 in tumors was much lower than in other tissues. Concentrations in both DU145 and PC-3 xenografts were relatively constant between 5 and 15 min, and then decreased, so that they were not detectable at times beyond 6 h after i.v. drug delivery. The peak concentration in either tumor was only about 5% of the peak plasma concentration. The AUC's for the tissues, including tumor, were lower than the AUC for plasma (Tables 2, 3 ). In each case, <20% of the area was extrapolated beyond the last data point.
Pharmacodynamics
Expression of c-Myc and Max in tumor samples was analyzed by western blot at 2, 4, 24 h after administration of 10058-F4 at 20 mg/kg. In contrast to what might be predicted from cell culture results [8, 9] , there were no signiWcant changes in the concentrations of either c-Myc or Max compared to untreated control tumors (data not shown).
Metabolite analysis
After an i.v. dose of 20 mg/kg, additional, earlier-eluting peaks were observed in the plasma of mice treated with 10058-F4 (Fig. 3c ) when compared with control plasma (Fig. 3 a) or control plasma to which10058-F4 and internal standard had been added (Fig. 3b) . A small peak with a retention time of 12.2 min was present in the samples containing 10058-F4. This peak represented <5% of the area of 10058-F4 and appeared to be a contaminant in 10058-F4. This peak was present when 10058-F4 was added directly to mobile phase or to control plasma (Fig. 3b) , and this peak was also present in the plasma of a mouse treated with 10058-F4 and euthanized 30 min after treatment.
The metabolites of 10058-F4 were further characterized using LC-MS/MS. Plasma and liver from a mouse killed 30 min after administration of 20 mg/kg 10058-F4 were extracted and analyzed by LC/MS-MS. Spectral comparisons were made with 10058-F4. While 3 additional compounds were detected in the HPLC chromatogram of the plasma obtained 30 min after iv administration of 20 mg/kg 10058-F4 (Fig. 3c) , at least 8 potential metabolite peaks were detected using LC/MS-MS and their chromatograms are shown in Fig. 4b -i. As observed in Fig. 4a, 10058-F4 had a retention time of 27 min, while the contaminant had a retention time of 26 min. Although the contaminant had also had a mass to charge ratio of 248 and appeared to ionize better than 10058-F4, this contaminant also displayed a major mass to charge ratio of 540. None of the proposed metabolites were detected in the chromatograms from either control plasma or control liver.
As observed in Fig. 4b -i, the 8 additional compounds detected in plasma or liver of the 10058-F4 treated mouse had m/z ratios of 232 (plasma only), 248, 250, 264, 266, 280 (liver only), 282, and 298 using negative ionization. All potential metabolites were more polar than 10058-F4 and the proposed structures, displayed in Fig. 5 , are consistent with metabolism by hydroxylation of either the aromatic ring or ethyl side chain, oxidative desulfuration and hydrolytic thioxothiazolidinone ring opening. Based on the chromatogram, the metabolite with a m/z ratio of 266, consistent with ring opening, appeared to be the most prevalent. There are three potential structures proposed for the metabolite having a m/z ratio of 264, however, in the chromatogram there appear to be only two major peaks. include RNA, siRNAs, dsRNAs, and poly-DNP-RNA [19] [20] [21] [22] [23] . In an animal study, the loss of the c-Myc phenotype blocked tumorigenesis, and transient inactivation of c-Myc increased the survival of mice bearing c-Myc dependent tumors [19] . However, in the study by Wang et al. the MCF-7 cells were transfected with the plasmids containing the shRNAs prior to implantation into the nude mice, and the cells with inactivated c-Myc did not grow [21] . In several in vitro studies, 10058-F4 has shown promise as an inhibitor of c-Myc/Max interactions. In three Burkitt's lymphoma cell lines and in one B-lymphoblastoid cell line, the GI 50 value for 10058-F4 ranged from 23 to 60 M [7] . Huang et al. reported that 10058-F4 could inhibit the growth of HL-60 acute myloid leukemic cells, with an IC 50 of approximately 60 M [8] . Similar inhibition was observed in HepG2 cells after exposure to 100 M 10058-F4 for 24 h [8] . While our study was in progress, Wang et al. [24] examined structural analogs of 10058-F4 and found that one analog was about twofold more potent than 10058-F4 in inhibiting the growth of HL-60 cells in vitro; the IC 50 of 27HR was 23 M compared to 51 M for 10058-F4. As an initial attempt to evaluate the therapeutic potential of 10058-F4, we evaluated the pharmacological properties, including the eYcacy of 10058-F4 in mice. Androgen-independent prostate cancer cell lines were chosen as the xenograft model, because there is an enormous unmet need to develop additional therapeutics for this disease, in which c-Myc expression is elevated. Both DU145 and PC-3 cell lines are androgen-independent prostate cancer cell lines that constituatively overexpress c-Myc [ [25] [26] [27] . The m-RNA expression of PC-3 cells is 40% higher than that observed in the androgen-dependent prostate cancer cell line LNCaP [28] . From our in vitro studies, the IC50 values of 10058-F4 in DU145 and PC-3 androgenindependent prostate cancer cells were 88 and 113 M, respectively, which are in the range previously reported for 10058-F4 in diVerent cell lines.
Even at the maximum tolerated daily dose of 30 mg/kg for 5 days each week for 2 weeks, there was no signiWcant tumor growth inhibition. In the PC-3 xenografts, the maximum %T/C was only 72% compared with 20% for docetaxel administered every 7 days. Against the slower growing DU145 xenografts, the %T/C for 10058-F4, when compared to the vehicle control was similar, 85%. Again this marginal activity was not statistically signiWcant and much less than the anti-tumor activity of docetaxel, which had a maximum %T/C of 2% after two doses administered 7 days apart.
We conducted pharmacokinetic, tissue distribution, and pharmacodynamic studies in C B-17 SCID mice bearing either PC-3 or DU145 xenografts to help clarify the reasons for the lack of eYcacy. When 10058-F4 was administered as a single i.v. bolus at 20 mg/kg, the peak plasma concentrations at 5 min were about two-to threefold higher than the concentrations required for 50% inhibition of tumor cell growth in vitro. Nonetheless, the plasma half-life of 10058-F4 was only about 1 h, and by 6 h after dosing little, if any, 10058-F4 was detectable in plasma of mice bearing either PC-3 or DU145 xenografts. The rapid clearance of 10058-F4 was probably due to metabolism, in that little unchanged parent compound was detected in urine during the 24 h following dosing. When the tissue distribution of 10058-F4 was examined (Tables 2, 3) , it was apparent that the concentrations of 10058-F4 present in tumor were only approximately 10 M, which is much lower than the IC 50 concentrations determined for these same cell lines in vitro. Further, 10058-F4 concentrations in all tissues except fat were less than those in plasma. Like the concentrations in plasma, tissue concentrations decreased rapidly and were not detectable at times beyond 6 h. Tumor exposure to 10058-F4, based on AUC, was only 10% of the plasma exposure in mice treated with 10058-F4 i.v. The proposed metabolite structures based on m/z suggest that 10058-F4 was extensively metabolized.
Both c-Myc and Max were detected in all tumor samples, however, no changes in expression were observed in the tumors treated with 10058-F4. This lack of eVect on total c-Myc protein in tumor tissues following treatment with 10058-F4 is most likely due to the Wve-to sixfold lower concentrations of 10058-F4 in tumor than the eVective in vitro concentration [10] . The extensive metabolism and rapid clearance of 10058-F4 limit its usefulness as an eVective small molecule inhibitor of c-Myc/Max in solid tumors after administration to animals. If eVective concentrations of the inhibitor cannot be achieved at the target, the compound will be ineVective. Thus, as the quest for new small molecule inhibitors of c-Myc/Max continues, attention should be paid not only to in vitro potency, but also to or less metabolically labile compounds. Newer analogs [24] hopefully will have improved pharmacokinetic features.
